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simulation of the of delay propagation in the 
Airport Flight scheduling Process



Simulation of
Airport Operations

Optimized Fl ight
Schedules

● an opt imizat ion model for f light  
rescheduling at  a schedule 
coordinated airport  

● to minimize congest ion and 
f light  delays at  peak hours

● considering airport  resource 
constraints and safety of  
operat ion

● a simulat ion of  delay propagat ion to 
m im ic the real- t ime ad hoc airpor t  
f l ight  scheduling  process

● to validate the opt im izat ion results 
and compare them with
the  re sults  from  sim ula t ion

● a d he re s to  the  first  com e  first  se rve d  
p ro toco l while  e nforcing  runwa y 
ca p a city const ra ints, sa fe ty re st rict ion 
a nd  m inim um  turna round  t im e s



● The simulat ion algorithm became the part  of  the 
p a p e r “An Op t im iza t ion Mod e l fo r Flig ht  
Re sche d uling  from  a n Airp ort ’s Ce ntra lize d  
Pe rsp e ct ive  fo r Be t te r Ma na g e m e nt  o f De m a nd  a nd  
Ca p a city Ut iliza t ion” p ub lishe d  in Com p uta t ion 
J ourna l
Link: ht tp s:/ / www.m d p i.com / 2079-3197/ 12/ 5/ 98

● Pre ss-p a p e r “Mod e ling  d e la y p rop a g a t ion within a  
ne twork o f outb ound  flig hts a t  a  hub  a irp ort” 
sp e cifica lly a b out  the  sim ula t ion a lg orithm  ha s b e e n 
a cce p te d  into  the  AMMCS 2023 Confe re nce  
Proce e d ing s.
(Not  ye t  p ub lishe d )

Publ ications

https://www.mdpi.com/2079-3197/12/5/98


Data sourCe
● Work with Air l ine On-Time Stat ist ics from  Unite d  Sta te s De p a rtm e nt  o f 

Tra nsp orta t ion o fficia l we b site  ht tp s:/ / www.t ra nsta ts.b ts.g ov/ ont im e / : d e p a rture  
a nd  a rriva l d a ta se ts  (working  p rim a rily with Airline  Cod e , Da te , Flig ht  Num b e r, 
Aircra ft  Num b e r, Orig in\ De st ina t ion  Airp ort , Sche d ule d  Arriva l/ De p a rture  Tim e , 
Actua l Arriva l/ De p a rture  Tim e )

● Ana lyze  d a ta  from  Ha rtsfie ld -J a ckson At la nta  I nte rna t iona l Airp ort  (ATL) 
● Da ta  co lle ct ion p e riod : J an. 1st  - Apr i l  1st  , 2023.
● Colle ct , p roce ss a nd  visua lize  d a ta  from  d a ta se t  fo r a na lysis a nd  sim ula t ion 

p urp ose s

https://www.transtats.bts.gov/ontime/


Data 
Analysis

● Busiest  day  -
March 24 with the 
biggest  number of  
f lights 1940

● The most  disrupted 
day  in March -
March 26 with the 
highest  total delay 
t ime - 83006 m in 



Brute-Force Simulation algorithm

Reschedule the f lights in a 
queuing system on first -com e  
first  se rve d  b a sis (FCFS) within 
e a ch 15-m in t ime intervals

FCFS (FIFO)

ATL ha s 3 runways for  ar r ivals
a nd  2 for  depar tures tha t  
op e ra te  ind e p e nd e nt ly from  
e a ch o the r (sing le  runwa y 
ca nno t  se rve  b o th a rriva ls a nd  
d e p a rture s)

Airport capacity

For sa fe  op e ra t ion,
3 m in separat ion t ime
b e twe e n two  conse cut ive  
a rriva ls, a nd  2 m in b e twe e n 
d e p a rture s

Consid e ring  g round  op e ra t ion 
se rvice s, minimum ready  
t ime in connect ing f l ights 35 
m inute s fo r d e p a rture  flig hts 
a re  com p ute d  in the  sim ula t ion

Safety Constraints

GroUND Operations



Technology Stack

● Programming language: Py thon

● De ve lop m e nt  e nvironm e nt : PyCharm

● Da ta  Ha nd ling  a nd  Ana lysis Lib ra rie s: Pandas, NumPy

● Visua liza t ion Lib ra rie s: Matplot l ib , Seaborn



Comparison of actual , scheduled and 
simulated arrivals on March 24

● Max. capacity  
of  20  f l ights in 
e a ch 15-m inute
inte rva l.

● 2.25 m inutes
separat ion 
t ime 

● 3 runways for  
ar r ivals 

With no safety restrictions



Comparison of actual , scheduled and 
simulated Departures on March 24

● Max. capacity  
of  20  f l ights in 
e a ch 15-m inute
inte rva l

● 1.5 m inutes
separat ion 
t ime 

● 2 runways for  
depar tures

With no safety restrictions



Comparison of actual , scheduled and 
simulated arrivals on March 24

● Safe 
operat ional 
capacity  of  15 
f l ights p e r 15-
m inute

● 3 m inutes
separat ion 
t ime 

● 3 runways for  
ar r ivals 



Comparison of actual , scheduled and 
simulated Departures on March 24

● Safe 
operat ional 
capacity  of  15 
f l ights p e r 15-
m inute

● 2 m inutes
separat ion 
t ime 

● 2 runways for  
depar tures



Resul ts

● Developed a simulat ion algorithm that  mimics the real-t ime 
scheduling and delay propagat ion processes of  an airport .

● Conf irmed the accuracy  of  the simulat ion model , b y running  
the  a lg orithm  with 20 a rriva ls/ d e p a rture s ca p a city p e r 15-
m inute  inte rva l

● Run the  sim ula t ion with 15 
f l ights per  15-m inute interval
ca p a city, re sp e ct ing  3-m inute  
se p a ra t ion t im e  for a rriva ls 
a nd  2 m inute s fo r d e p a rture s 

De m onst ra te d  tha t  re a l 
a irp ort  op e ra t ions a chie ve  
lowe r ove ra ll d e la ys at  the 
expense of  safety  standards 
d uring  p e a k t im e s. 
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